© 2 0 1 7 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W ABSTRACT Background: A wide clinicopathologic spectrum of a chordoma exists. Brachyury constitutes as its most useful diagnostic immunohistochemical (IHC) marker. Methods: During a 7-year-period, 4 unusual histopathologic types of chordomas were identified. Immunohistochemistry was performed by polymer technique. Results: Clinicopathologic features of the 4 cases are as follows: Cases 1 and 2: Two tumors occurred in the sacrococcygeal and lumbosacral regions of a 42-year-old male and a 34-year-old female, respectively. Histopathologic examination showed areas of classical chordoma; juxtaposed to a high-grade, spindle cell sarcoma. By IHC, cytokeratin (CK), epithelial membrane antigen (EMA), S-100 protein, and brachyury were found to be distinctly positive in the differentiated chordomatous areas. Both these cases were diagnosed as dedifferentiated chordomas. The first patient, postresection and adjuvant radiation therapy (RT), died after 14 months of therapy. Case 3: A 58-year-old male presented with pain in his sacral region and urinary incontinence. Imaging disclosed a sacral mass. Histopathologic examination showed physaliphorous cells intimately admixed with, markedly pleomorphic cells, scattered mitotic figures, and focal tumor necrosis. By IHC, the tumor cells were positive for CK, AE1/AE3, S-100 protein, brachyury, and INI1/SMARCB1. The diagnosis of a poorly differentiated chordoma was offered. Despite surgical resection and adjuvant RT, the patient died within 18 months. Case 4: A 58-year-old male presented with a soft tissue lesion in his left leg. Histopathologic examination showed physaliphorous cells, embedded in a myxohyaline stroma. By IHC, the tumor cells were positive for EMA, S-100 protein, brachyury, and INI1. Diagnosis of an extra-axial, soft tissue chordoma was offered. Conclusions: These four unusual chordomas, confirmed by brachyury immunoexpression, constitute as one of the first such documentation from our country, revealing a wide clinicopathologic spectrum of chordomas. Dedifferentiated and poorly differentiated chordomas are associated with an aggressive clinical course. Further diagnostic implications are discussed herewith.
INTRODUCTION
Chordoma is a relatively uncommon, malignant tumor, showing notochordal differentiation. It occurs predominantly in the axial skeleton, typically in the sacrococcyx and in the spheno-occipital region. [1] Rare cases of extra-axial chordomas have been reported in the soft tissues, and in the appendicular bones. [2] [3] [4] An exact diagnosis of a chordoma is crucial, considering this tumor is characterized by recurrences and metastasis. It is also crucial to differentiate it from its various diagnostic mimics, in view of significant therapeutic implications. [1] As radiologic features are nonspecific, especially of the uncommon forms, a definite diagnosis requires histopathologic examination, that shows characteristic features, including physaliphorous cells, in most cases. [1] Most common histopathologic types of a chordoma include classical and chondroid subtypes. [1] Rarely, poorly differentiated and dedifferentiated chordomas have been reported, that can be diagnostically challenging, especially in small biopsies, wherein the characteristic physaliphorous cells might not be easily identified, and only the poorly differentiated or dedifferentiated components are sampled. [1, 5, 6] Dedifferentiated chordomas are associated with a relatively aggressive How to cite this article: Rekhi 
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For reprints contact: reprints@medknow.com clinical course. [1, [7] [8] [9] [10] Immunohistochemical (IHC) stains, especially brachyury, a highly specific marker of notochordal differentiation, are useful in confirming the diagnosis of a chordoma and in differentiating this tumor from its diagnostic mimics. [1, 11, 12] Herein, we describe four rare forms of chordoma, confirmed by positive brachyury immunostaining.
MATERIALS AND METHODS
After computerized search of medical records from January 1, 2000, to December 31, 2014, two cases of dedifferentiated chordomas; a single case of a poorly differentiated chordoma and a single case of an extra-axial soft tissue chordoma (relatively recently diagnosed) were retrieved that were included in this study after a critical review by B.R with D.B.
IHC staining was performed using the polymer technique (Dako REAL Envision Detection System, Glostrup, Denmark) including peroxidase/3-3-diaminobenzidine tetrahydrochloride. Details of various antibody markers have been enlisted in Table 1 .
RESULTS
Clinicopathologic features of the four cases have been summarized in Table 2 .
Case 1
A 42-year-old male presented with pain in his lower back. Radiologic imaging disclosed a sacrococcygeal tumor. He underwent a biopsy, followed by surgical excision, elsewhere. Two stained slides and a paraffin block from the tumor were submitted to us for review.
Histopathologic examination showed distinct tumor areas composed of cells arranged in sheets and cords with abundant clear/ vacuolated (physaliphorous cells) to pale, eosinophilic cytoplasm and small dark nuclei, within a myxoid stroma, reminiscent of a classical chordoma. Adjacent areas were composed of spindle-shaped sarcomatous cells with interspersed mitotic figures and areas of necrosis, reminiscent of a high-grade sarcoma. By IHC, tumor cells in the chordomatous component were positive for cytokeratin (CK), epithelial membrane antigen (EMA), S-100 protein and brachyury, whereas the tumor cells constituting the high-grade sarcomatous areas were negative for all these antibody markers.
Diagnosis of a dedifferentiated chordoma was offered [ Figure 1a and b] and [ Figure 2a -d]. Marginal status of the surgical excision was unavailable. Postexcision, the patient received adjuvant radiation therapy (RT) but died of the disease after 14 months.
Case 2
A 34-year-old female presented with gradually increasing lower back pain for 1 year, associated with constipation since 
(a) Tumor area of differentiated chordoma (asterix) composed of cells with clear/vacuolated cytoplasm, juxtaposed to sarcomatous areas, comprising spindle-shaped sarcomatous cells (H and E, ×200). (b) Higher magnification showing distinct tumor areas of sarcomatous and chordomatous differentiation, latter characterized by cells with vacuolated/"bubbly" cytoplasm (physaliphorous cells) (asterix) (H and E, ×400)
b a few months ago. There was no associated history of painful neuropathy. On clinical examination, a vague, tender lump and was noted over her lumbosacral region.
Magnetic resonance imaging (MRI) showed a well-defined, heterogeneous, space occupying lesion, measuring 10 cm × 9 cm × 8 cm in the presacral spaces, arising from the lower three spaces.
Computed tomogram and positron emission tomogram, performed 6 months back did not reveal pulmonary metastatic lesions.
Percutaneous biopsy showed distinct tumor areas reminiscent of a chordoma, juxtaposed to a high-grade spindle cell sarcoma. By IHC, the tumor cells of the chordomatous component were diffusely positive for EMA, S-100 protein, and brachyury, in contrast to the sarcomatous component. The diagnosis of a dedifferentiated chordoma was offered.
The patient was induced on neoadjuvant chemotherapy, osteosarcoma 2012 protocol, wherein she developed febrile neutropenia. Three months after her diagnosis, she was also offered RT. Subsequently, she was planned for a sacrectomy. During her last follow-up, 16 months, since her complaints, she was alive-with-disease.
Case 3
A 58-year-old male presented with pain in his sacral region and in his both lower limbs of 2 months duration, along with constipation and bladder incontinence.
MRI showed a heterogeneously enhancing soft tissue mass measuring 9.6 cm × 6.6 cm × 5.5 cm, predominantly extra-osseous, intrapelvic, along with intraspinal extension, involving the lower sacral vertebrae, and extending into the right articular surface of the sacrum. Postoperative, external beam radiotherapy was offered, over a duration of 3 months. However, the patient died of disease after 20 months.
Case 4
A 58-year-old male patient presented with a soft tissue lesion in his left leg.
Histopathologic examination showed a nodular tumor, composed of cells arranged in cords, nests, and pseudoglandular patterns, containing moderate to abundant eosinophilic to vacuolated 
DISCUSSION
Chordomas comprise 3% of primary bone tumors. [13] The present study describes four extremely rare types or forms of a chordoma.
A dedifferentiated chordoma represents only 6%-9% of chordomas. [7, 8] In our earlier documented series of 51 chordomas, constituting as the largest study on chordomas from our country, there were only two dedifferentiated chordomas. [5] Kim et al. [10] documented two cases of dedifferentiated chordomas, predominantly involving the sacrum, similar to the first two cases in the present study. On histopathologic examination, differential diagnoses included a pleomorphic sarcoma, a metastatic sarcomatoid type of renal cell carcinoma, and a dedifferentiated liposarcoma. The presence of sharply demarcated, two distinct tumor components, along with co-expression of epithelial markers, S-100 protein and brachyury, mostly, distinctly in the differentiated chordomatous areas, in both the tumors, were helpful in ruling out these differential diagnoses. As previously observed, among various IHC markers, S-100 protein was also found to be focally positive in the sarcomatous areas, in the first case of a dedifferentiated chordoma. [9] In the third case of a poorly differentiated chordoma, instead of sharply demarcated areas of chordomatous and sarcomatous differentiation, markedly pleomorphic cells were intimately admixed with relatively well-differentiated chordomatous areas, including physaliphorous cells. Most chordomas comprise tumor cells with minimal nuclear atypia, as previously described. [5] Immunohistochemically, epithelial markers, S-100 protein, and brachyury were diffusely expressed in the third case, in contrast to the first 2 cases of dedifferentiated chordomas. In an earlier study, Mobley et al., [6] in addition, observed the lack of INI1/SMARCB1 expression in all 4 cases of poorly differentiated chordomas, unlike the present case of a poorly differentiated chordoma that showed retained INI1 immunostaining.
Lately, cases of an extra-axial chordoma/chordoma periphericium have been documented in the soft tissues, similar to the fourth case. [2] This tumor can be misdiagnosed as a metastatic mucinous carcinoma or as a parachordoma/mixed tumor/myoepithelial tumor. Whereas mucinous carcinomas express epithelial markers, myoepithelial tumors, in addition, express S-100 protein, similar to chordomas, including those occurring at extra-axial sites. [2, 3, 12, 14] Another differential diagnosis, considered in this particular case, was an extraskeletal myxoid chondrosarcoma that shares overlapping histopathologic and IHC features with an extra-axial chordoma. An extra-axial chordoma can be differentiated from these mimics with brachyury immunostaining, as was performed in the present study. [2] [3] [4] [5] Brachyury immunoexpression has been documented in >90% chordomas with a specificity of up to 100%, with regards to differential diagnoses of a chordoma. [3, 5] Furthermore, certain myoepithelial tumors/parachordomas display loss of INI1 immunostaining, unlike the fourth case of an extra-axial chordoma. [12] The value of identifying these uncommon forms of chordomas has clinical relevance. Surgical excision is the treatment mainstay of a chordoma. RT may salvage some patients with tumor recurrence. [15] A conventional chordoma has an indolent clinical course, and it is a slow growing tumor. [1] Contrastingly, dedifferentiated and poorly differentiated chordomas are rare but represent aggressive forms, associated with rapidly progressive and or fatal clinical outcome, as noted in our first three cases. [1, 9, 10, 15] Probably, such tumors need to be treated more aggressively. [15] Invariably, the dedifferentiated components have a tendency to metastasize. A dedifferentiated chordoma can occur de novo or as a malignant transformation of a conventional chordoma during its recurrence or postradiotherapy. [9, 10, 16] Both the cases in the present study occurred de novo, as there was no history of prior resection of a classical chordoma or RT.
An extra-axial chordoma can be treated by surgical resection with optional RT, unlike its diagnostic mimic, a metastatic mucinous adenocarcinoma that would require specific adjuvant chemotherapy. Therefore, its correct diagnosis is crucial.
CONCLUSIONS
These four rare cases of chordomas, constituting as one of the first such documentation from our continent, reinforce the expanding clinicopathologic spectrum of this uncommon tumor. An index of suspicion, based on certain histopathologic features and application of necessary IHC markers, including brachyury are necessary for an accurate diagnosis. A correct diagnosis has therapeutic, as well as prognostic implications.
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